###### Strengths and limitations of this study

-   This study explores the quality in terms of test--retest reliability of a patient-reported outcome instrument used as a decision aid for identifying outpatients in need of clinical attention.

-   The study contributes with knowledge whether the method of administration (web, paper or a mixture of the two modalities) influences the results.

-   The study includes a large sample size, however, the response rate was low.

-   The study population was a homogeneous and healthier group of patients compared with the non-responders, which may have lead to underestimation of the results.

-   The study has low prevalence of the measured event and this could affect the agreement estimates.

Introduction {#s1}
============

Patient-reported outcome (PRO) measures are defined as a measurement concerning the patient's health status reported directly from the patient.[@R1] The use of PRO measures in clinical practice has increased during the last decade, and potential benefits have been described such as better patient--clinician communication, better identification of patients' functional or mental health issues, better monitoring of treatment on patients' health, a better tool to inform clinical decision-making and support patient self-management.[@R2] However, barriers have been identified as well, for example, practising physicians prefer talking to the patients rather than using standardised PRO measures.[@R6] Furthermore, if clinicians do not rely on the PRO measures to judge treatment, the use of PRO may raise concerns related to both validity and interpretation.[@R7] PRO measures are typically developed for research purposes and used at an aggregated level.[@R9] These measures are not necessarily suitable for use in clinical practice. PRO measures used in clinical practice at the individual level should reflect clinically relevant aspects and should be meaningful to patients as well as clinicians.[@R10] Furthermore, validity and reliability are fundamental to any PRO measurement used at the aggregated level in research as well as at the individual level in clinical practice.[@R11]

Epilepsy is a long-term chronic condition affecting approximately 1% of the general population.[@R12] Epilepsy represents a major socioeconomic burden for patients as well as for society.[@R13] The condition is characterised by recurrent seizures affecting physiological, psychological and social aspects of daily life,[@R14] aspects that can only be reported by the patients themselves. However, PROs have not been routinely collected in neurological outpatient clinics. A study that included patients with epilepsy as well as other neurological conditions concluded that systematic collection of PROs may be feasible in a clinical setting.[@R16] Additional studies regarding use of PROs in epilepsy clinics have not been identified, but the way epilepsy is managed differs greatly between countries.[@R17]

In Denmark, outpatient follow-up in patients with epilepsy has traditionally been based on regular consultations at a neurological department. However, since 2011, PROs have been used in three epilepsy outpatient clinics in the Central Denmark Region.[@R18] The clinicians use PRO measures as the basis for outpatient follow-up. Instead of prescheduled appointments, the patients fill in either a web or paper questionnaire at home regarding daily life with epilepsy. The patients' self-reported PRO data are used by clinicians as a decision aid to support whether a patient needs contact with the clinic or not based on an automated PRO algorithm.[@R18] Furthermore, the PRO data are used to monitor treatment effects and potential side effects, and to facilitate patient-centred communication between the patient and the clinician.[@R18] As of October 2017, approximately 5000 outpatients have been referred to PRO-based follow-up in three epilepsy outpatient clinics in Central Denmark Region. The Danish government and the regions, who run the public hospitals, have decided on a national strategy regarding implementation of PROs in patients with epilepsy before 2020.

In 2011, a disease-specific PRO instrument combined with a PRO algorithm used as decision aid in outpatients with epilepsy was developed and tested in close cooperation with clinicians and patients from three epilepsy outpatient clinics in Denmark. Content and face validity have been crucial during the development process. The test--retest reliability of the PRO algorithm and the questionnaire has not been evaluated, but is pivotal in the development of the instrument.[@R19] Furthermore, few test--retest studies[@R20] have evaluated whether the method of administration has any influence on the results.

Aims {#s2}
====

The aim of this study was to evaluate the test--retest reliability of the PRO algorithm used for clinical decision support in epilepsy outpatient follow-up and to analyse to what extent the four different methods of administration (web--web, paper--paper, web--paper and paper--web) would influence the result. A further aim was to evaluate the test--retest reliability of the single items included in the questionnaire.

Methods {#s3}
=======

The epilepsy questionnaire {#s3a}
--------------------------

### Development {#s3a1}

Clinicians working with epilepsy experienced an increased volume of patients in the outpatient clinic and the majority of these patients were well treated. However, the need of monitoring treatment effect and screen for functional and mental health issues were still necessary. Therefore, self-reported data collected from the patients' home were assumed to have a great potential in this patient group. Several epilepsy-specific PRO instruments have been developed[@R22]; however, no established instruments covering the purpose of identifying patients who need clinical attention were found. In 2011, a research consensus team that included clinical experts and experts in PRO provided inputs to the content and construct of an epilepsy questionnaire. The purpose was to develop an instrument which could screen for epilepsy patients' health problems to support clinical decision-making in outpatient follow-up.[@R10] The target group was patients with epilepsy ≥15 years with no cognitive impairments. The content was based on validated PRO instruments or items; however, ad hoc items were developed if existing instruments or items were not available. This process was based on inputs from specialists in epilepsy, a literature search and interviews with patients.[@R23] The first version of the questionnaire was pretested by using semistructural interviewing techniques in 20 representative epilepsy patients from two outpatient clinics in Central Denmark Region. The aim of the pilot test was to identify potential problems such as low relevance of items, ambiguity of items and lack of important topics.[@R24] The majority of the patients found the questionnaire content relevant, and no critical comprehension difficulties were identified. Some patients pointed out recall problems regarding some of the seizure items. They did not report lack of any essential topics nor did the time used to fill in the questionnaire raise any criticism. Subsequently, the PRO questionnaire was implemented and used in clinical practice, and experiences have been evaluated yearly since 2011 at consensus meetings.[@R18] Additionally, information regarding the development process and the fourth version of the questionnaire can be found in the online [supplementary material](#SP3){ref-type="supplementary-material"}.
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### Content {#s3a2}

The questionnaire included information specific to aspects of daily life with epilepsy, for example, seizures, side effects, well-being, general health and social problems. The questionnaire included WHO-5 Well-Being Index (WHO-5),[@R25] items from the Short-Form 36 (SF-36)[@R26] and items from the Symptom Checklist 92 (SCL-92).[@R27] WHO-5 is a generic questionnaire including five items reflecting the construct mental well-being.[@R28] The instrument has demonstrated sufficient psychometric properties in other patient populations.[@R28] The percentages scores range from 0 to 100, and a percentage score below 50 indicates increased risk of poor mental well-being, and an evaluation for depression is recommended. SF-36 is a generic questionnaire with eight subscales measuring physical and mental health,[@R26] and the psychometric properties of the Danish SF-36 have been documented.[@R29] Two single items regarding general health from SF-36 were included in the epilepsy questionnaire. SCL-92 consists of nine subscales measuring, for example, somatisation, anxiety and depression, and validity has previously been measured in a Danish population.[@R27] Ten single items from SCL-92 have been used in the epilepsy questionnaire, three of which have been partly modified. In addition, the epilepsy questionnaire included self-composed items, for example, regarding seizures, symptoms, medication adherence and pregnancy. Online [supplementary appendix 1](#SP1){ref-type="supplementary-material"} presents the items evaluated in this study.
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### Decision aid {#s3a3}

The questionnaire is used to support clinical decision-making in clinical practice. A clinical expert group in epilepsy has assigned the response options for each item in three colours: green, yellow or red based on what the doctors considered clinically important to react on to identify patients with need of attention. The colours represent a computerised algorithm, which is processed automatically by AmbuFlex's web server,[@R10] for example, if only one item response category was red, the whole response was given a red colour. A red colour indicates that the patient needs or wishes contact with the outpatient clinic, whereas a yellow colour indicates that the patient may need contact with the clinic. An overview of the response is embedded in the electronic health record (EHR). In yellow cases, a clinician assesses the overview, and based on the PRO data and other information in the patient's EHR, it is decided whether further contact is needed. A green colour indicates that the patient does not need or wish contact with the clinic, and a subsequent questionnaire is sent to the patient at a predefined interval (eg, after 3, 6 or 12 months). A patient can over-rule a green and yellow algorithm by the item 'What is your present need for contact with the outpatient clinic.' By such a request, the whole response will always turn red. This item was not included in the retest study since this statement would probably change from test 1 to test 2 due to action taken based on PRO data in test 1, thus indicating responsiveness rather than reliability. Online [supplementary appendix 1](#SP1){ref-type="supplementary-material"} presents an overview of the red, yellow and green item response categories evaluated in this study.

Patient and public involvement {#s3b}
------------------------------

A total of 20 patients were involved in the development process of the questionnaire. They have contributed with valuable insight to both face and content validity. Furthermore, feedback from patients after implementation has been included during a yearly questionnaire revision. Patients were not involved in the design, recruitment or conduct of this study.

Study population and procedure {#s3c}
------------------------------

Outpatients with epilepsy aged 15 years or more and referred to PRO-based follow-up from the three epilepsy outpatient clinics in Central Denmark Region were included. Data collection took place from August 2016 to April 2017. The general recommendation regarding sample size in reliability studies is to include at least 50 participants.[@R30] In this study, an increased number of patients were included due to an expected risk of low prevalence in some items and further to gain the opportunity to conduct subanalyses with different test--retest patterns. The participants completed questionnaires at two time points. First, they responded to the normal prescheduled epilepsy questionnaire from the outpatient clinics as planned (named test 1). Patients referred to PRO-based follow-up can select which administration method they prefer, although the web-based method is recommended. In the present study, participants answered test 1 by their preferred method. Subsequently, a letter was sent to the participants who were asked to complete the same questionnaire after approximately 2 weeks (named test 2). According to experiences with the Danish postal service in other WestChronic projects,[@R10] the date of dispatch of the letter was different in web and paper responders. The letter was sent 8 days after received date of the questionnaire in test 1 in web responders and after 4 days in paper responders. No reminders were sent in test 2. Participants were randomly divided into groups with four test--retest patterns: web--web, paper--paper, web--paper and paper--web. From August 2016 to November 2016, the randomisation allocation was 1:1 in both paper and web responders. Due to a low response rate in the paper--web group, the allocation was changed for paper responders. From the end of November 2016 to April 2017, the randomisation allocation was 0.25 in the paper--paper group and 0.75 in the paper--web group.

Data analysis {#s3d}
-------------

In nominal and ordinal data, respectively, unweighted and weighted kappa statistics with squared weights were used to assess reliability.[@R19] The 95% CIs for weighted kappa values were measured using non-parametric bootstrap methods (1000 replications).[@R31] The kappa values were interpreted as follows: \<0.2 (slight), 0.21--0.4 (fair), 0.41--0.6 (moderate), 0.61--0.8 (substantial) and 0.81--1.0 (almost perfect).[@R32] Proportion of agreement was used to assess agreement measures.[@R19] Due to a small number of participants in the paper--web group, the two mixed groups (web--paper and paper--web) were merged in the analyses. A sensitivity analysis with a shorter time interval was estimated for both the PRO algorithm and for the different modes of administration by excluding participants with intervals above the median number of days between test 1 and test 2. The interval between test 1 and test 2 was calculated as the difference in number of days from the date of response. In paper responses, the interval was calculated as the date of received questionnaires minus 4 days. For example, the received response date 10 October became 6 October. This decision was made based on experiences with the postal service in other WestChronic projects.[@R10] Differences between responders and non-responders at test 2 were evaluated by X^2^ test for categorical variables or the Kruskal-Wallis test for continuous variables based on data from test 1.

Test--retest reliability and agreement were assessed both within the item categories and according to the red, yellow or green item algorithm categories. For example, the item concerning headaches was assessed at two and five levels. The five levels were the original scale 'never', 'occasionally', 'sometimes', 'often' and 'very often', whereas the two levels were according to the predefined PRO algorithm and in this case green or yellow. 'Never', 'occasionally' and 'sometimes' were grouped into green, and 'often' and 'very often' were grouped into yellow. Lack of response was assessed for all items and was considered not acceptable if data were missing in more than 5% of an item category. Floor and ceiling effects were assessed and considered present if a high proportion (more than 15%) of the respondents had a score at the lower or upper end of the scale.[@R33]

Results {#s4}
=======

Patient characteristics {#s4a}
-----------------------

A total of 554/1640 participants responded to the questionnaire in test 2, corresponding to a response rate of 34%. The median age was 57.3 years, with an IQR of 42.7 to 67.7 years. Non-responders in test 2 were more likely younger (p\<0.001), paper--responders in test 1 (p\<0.001) had lower self-reported well-being (p=0.01) and general health (p=0.02) in test 1 compared with responders in test 2 ([table 1](#T1){ref-type="table"} and [figure 1](#F1){ref-type="fig"}). Of the 554 participants, 166 completed web--web, 112 paper--paper, 239 web--paper and 37 paper--web, and the response rates in test 2 varied substantially between the four groups ([figure 1](#F1){ref-type="fig"}). The median response time from test 1 to test 2 was 22 days (IQR 18 to 28 days).

###### 

Patient characteristic measured in test 1 in responders and non-responders in test 2 among outpatients with epilepsy, n=1640

  -----------------------------------------------------------------------------------------------
                                                 Responders (n=554)\   Non-responders (n=1086)\
                                                 n (%)                 n (%)
  ---------------------------------------------- --------------------- --------------------------
  Gender, men                                    286 (52)              511 (47)

  Age, year, median (IQR)                        57.3 (42.7 to 67.7)   49.7 (33.8 to 64.8)

  Department                                                           

   Aarhus                                        409 (74)              831 (77)

   Holstebro                                     115 (21)              174 (16)

   Viborg                                        30 (5)                81 (7)

  Patient-reported outcome algorithm in test 1                         

   Green                                         116 (21)              200 (18)

   Yellow                                        349 (63)              670 (62)

   Red                                           89 (16)               216 (20)

  WHO-5 Well-Being Index, median (IQR)           76 (60 to 84)         72 (56 to 80)

  General health                                                       

   Excellent/very good                           258 (47)              448 (41)

   Good                                          209 (38)              427 (39)

   Fair/poor                                     87 (16)               206 (19)

   Missing item categories                                             5 (1)
  -----------------------------------------------------------------------------------------------

![Flow chart of eligible participants' response method in test 1, randomisation of response method in test 2, non-responders in test 2 and participants included in the analysis. In paper responders, the randomisation allocation was 1:1 from August to November 2016, and 0.25:0.75 in favour of the web method from the end of November 2016 to April 2017. PRO, patient-reported outcome.](bmjopen-2017-021337f01){#F1}

Test--retest reliability and agreement of the PRO algorithm used as decision aid {#s4b}
--------------------------------------------------------------------------------

[Table 2](#T2){ref-type="table"} presents the agreement of the PRO algorithm used to identify patients with a need for contact with the outpatient clinic. Perfect algorithm agreement was observed in 82% of the cases (n=454). Disagreement was observed in 18%: 7% of the algorithms (n=39) changed status from yellow/red to green or red to yellow and 11% (n=61) changed status from green to yellow/red or yellow to red. Test--retest reliability and agreement estimates of the pooled PRO algorithm and in the different methods of administration are shown in [table 3](#T3){ref-type="table"}. Test--retest reliability in terms of the kappa statistic was borderline 'substantially' or 'moderate' in all methods of administration; however, there was a tendency towards higher estimates in similar method of administration (web--web or paper--paper) compared with mixed method of administration (web--paper or paper--web). Although the values varied, there was overlapping CIs among the groups ([figure 2](#F2){ref-type="fig"}).

###### 

Agreement between the automated PRO algorithm from test 1 to test 2, n=554

  PRO algorithm test 1   PRO algorithm test 2                        
  ---------------------- ---------------------- ---------- --------- -----------
  Green                  104 (19)               42 (8)     1 (0.1)   147 (27)
  Yellow                 34 (6)                 328 (59)   18 (3)    380 (69)
  Red                    0 (0)                  5 (1)      22 (4)    27 (5)
  Total                  138 (25)               375 (68)   41 (7)    554 (100)

Green, no need of contact with the outpatient clinic.

Yellow, may need contact with the clinic (a clinician has to assess the PRO response).

Red, need of contact with the clinic.

PRO, patient-reported outcome.

###### 

Test--retest reliability and agreement between the PRO algorithm from test 1 to test 2 in the study population and in different methods of administration

  -----------------------------------------------------------------------------------------------------------------------------------------------------
  PRO algorithm   n     Perfect agreement\   Disagreement improved status % (95% CI)   Disagreement worsening status % (95% CI)   Kappa\* (95% CI)
                        % (95% CI)                                                                                                
  --------------- ----- -------------------- ----------------------------------------- ------------------------------------------ ---------------------
  Pooled          554   82 (78 to 85)        7 (5 to 9)                                11 (9 to 14)                               0.67 (0.60 to 0.74)

  Web--web        166   87 (80 to 92)        5 (2 to 9)                                8 (5 to 14)                                0.78 (0.67 to 0.86)

  Paper--paper    112   82 (74 to 89)        8 (4 to 15)                               10 (5 to 17)                               0.69 (0.57 to 0.81)

  Mixed†          276   79 (74 to 84)        8 (5 to 12)                               13 (9 to 18)                               0.59 (0.48 to 0.69)
  -----------------------------------------------------------------------------------------------------------------------------------------------------

\*Weighted Kappa with squared weights.

†Web--paper and paper--web.

PRO, patient-reported outcome.

![Test--retest reliability from test 1 to test 2 of the pooled PRO algorithm (n=554), web--web (n=166), paper--paper (n=112) and the mixed group (web--paper or paper--web, n=276). PRO, patient-reported outcome.](bmjopen-2017-021337f02){#F2}

Test--retest reliability and agreement of single items {#s4c}
------------------------------------------------------

The test--retest reliability parameters of the single items included in the epilepsy questionnaire were moderate to substantial (online [supplementary table 1](#SP2){ref-type="supplementary-material"}). Test--retest reliability was fair to substantial in item categories within the framework of the PRO algorithm and perfect agreement ranged from 81.4% to 99.8%. Missing responses were less than 5% in all items. There was a skewed distribution in the majority of the item response scales, with high proportions of more than 15% at the upper or lower ends of the scale.
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Discussion {#s5}
==========

The PRO algorithm used to decide whether epilepsy outpatients need contact or not with the outpatient clinic has demonstrated substantial test--retest reliability: kappa with squared weight was 0.67 (95% CI 0.60 to 0.74). Perfect agreement was observed in 82% of the cases. There was a tendency towards higher test--retest reliability and agreement estimates within the same methods of administration (web--web or paper--paper) compared with a mixture of methods (web--paper or paper--web). For the majority of the included single items, kappa values were moderate to substantial. Agreement exceeded 90%, whereas kappa values were fair to substantial in items within the framework of the PRO algorithm.

There are several sources of potential errors related to the consistency of a PRO measurement: (1) a real change in the patient health status between the two time points of measures, (2) difficulty related to answering items due to poor face validity and (3) incorrect answer from the patient made by mistake. Finally, the interval between the two measurement time points is important. A short interval increases the risk of recall bias and a long interval increases the risk of a real change in patient status.[@R24]

This study found the highest test--retest reliability and agreement estimates in the web--web method of administration, however; not statistically significant from the paper--paper method. This finding is consistent with other studies which have reported that PRO data collected via the web method had the same quality as the paper-based method,[@R20] and in line with the recommendations from International Society for Pharmacoeconomics and Outcome Research (ISPORs) regarding electronic patient-reported outcome (ePRO); a web version of a paper version ought to produce data that are equivalent or superior.[@R36] Using the web-based method of PRO data collection has several advantages for patients as well as clinicians who use PRO data in clinical practice.[@R37] Egger *et al* evaluated the test--retest reliability of the Epidemiology of Prolapse and Incontinence Questionnaire in similar as well as mixed methods of administration and found no differences between the methods.[@R20] However, the tendency towards higher reliability and agreement estimates in similar method of administration compared with the mixed methods found in our study should be noted.

This study found a higher percentage of agreement in the worsening status of the PRO algorithm, indicating that the study population may have been less healthy in the second test of administration method. This finding was the same regardless of the methods of administration. This could have been caused by a real change in the participants' health status from test 1 to test 2. The interval period in this study was quite long in some participants, with a maximum range of 104 days and a median range of 22 days. This could potentially have caused bias if the disease status had changed. Therefore, subanalyses were made which tested whether the long interval had any impact on the overall estimates. The results showed a tendency towards an increase of the reliability estimates in similar method of administration, but a decrease in the mixed methods. Therefore, the difference may not be due to a real change in the participants' health status, but rather a consequence of the participants' response method. The participants self-selected the administration method in test 1, and a compulsory administration method in test 2 may be inconvenient and lead to biased answers. The different methods of administration and layout of the questionnaire in test 2 may have affected the participants' response habits, reflection or recall of the items, favouring identical methods.

Another limitation in this study was the risk of selection bias. The response rate was only 34%, ranging from 9% in the paper--web group to 48% in the paper--paper as well as the web--paper group. The low response rate was may caused by the pragmatic design where patients responded to their preferred method in test 1 as part of standard care in three outpatient clinics. The low response rate in the paper--web group compared with the paper--paper group could be related to the fact that the patient responders in test 1 had selected the paper method because of restricted access to respond via the internet. Furthermore, the use of reminders at test 2 could have increased the overall response rate; however, reminders were not used in this study due to the importance of the interval length between the two measurement points in a test--retest study. It would be preferable to randomise the response method in test 1 as well to make the groups more comparable. As shown in [table 1](#T1){ref-type="table"} and [figure 1](#F1){ref-type="fig"}, participants were more likely men, older and web responders. Furthermore, the participants had a tendency to have a less symptom burden, better general health and well-being, and less likely to have a red PRO algorithm compared with non-participants. This indicated that the study population was a healthier group of patients compared with the non-responders. A study population that does not represent the source population may entail problems with interpretation and generalisation of the results. In this study, the test--retest reliability may have been underestimated due to a healthy, stable and homogeneous study population.

Kappa values are markedly affected by the prevalence of the measured event and distribution of item scores and a likely limitation of the interpretation of the results. This means that a high percentage agreement could potentially take place concurrent with a low kappa value if the prevalence of a specific item is low.[@R38] This was the case in the epilepsy questionnaire, in which a prevalence of less than 5% of the measured event was present in the majority of the items. For example, the two pregnancy items both had a low prevalence of the event. The percentage agreement was high, 99.6% and 98.9%, indicating a small measurement error; however, the kappa values were less convincing. Floor and ceiling effects could occur if a high proportion (more than 15%) of the respondents had a score at the lower or upper end of the scale.[@R33] This was the case in this study as well; concurrent with a low prevalence, a high proportion of the participants scored on the healthy side of the item response scales, indicating a homogeneous group. This could potentially affect the reliability since it can be difficult to distinguish patients with the lowest or highest score from each other.[@R39] In addition, it could be difficult to measure longitudinal changes (responsiveness) in these patients as well.[@R39] These aspects should be taken into consideration in the interpretation of the kappa values.

Conclusion {#s6}
==========

This is the first test--retest reliability study of a disease-specific epilepsy PRO algorithm and questionnaire used to support clinical decision-making. In 2018, the questionnaire and the PRO algorithm are used by approximately 5000 patients with epilepsy in five outpatient clinics in Denmark. Overall, the PRO algorithm showed substantial test--retest reliability and agreements in same method of administration, whereas there was a tendency towards lower reliability and agreement if the method of administration was mixed.
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